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I. INTRODUCTION 

Our research has continued to progress in the past six 

months both in the experimental and theoretical areas. 

The continuation of the experimental investigation of the 

optical and related chemical properties of lunar material has been 

one of our major concerns. 

tion by Auger electron spectrometry of the surface of lunar dust 

and ground-up rock samples has been continued,along with the 

measurement of the albedo of these samples. Results are now 

available for a great variety of dust and rock samples and the 

correlation, found earlier, between the iron concentration on the 

The analysis of the chemical composi- 

surface of grains and their albedo has been fully confirmed. 

Inthe past few months our experimental work has been concen- 

trated on solar wind simulation experiments directed toward 

the understanding of (1) the importance of the role of the solar 

wind in darkening the regolith and (2) the mechanism of such a 

process. 

It has been established that the solar wind is most likely 

to be a major factor in the darkening process; more experiments 

are needed for the understanding of the darkening mechanism. 

In the course of the various solar wind simulation experiments, a 

number of modifications were carried out on the ion bombardment 

system which will remove some uncertainties due to surface charging 

effects. 

Very considerable progress has been made in our theoretical 

research on the interpretation of the lunar soil cosmic ray track 
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density data and other surface exposure effects. 

Excavation and redistribution of lunar soil by meteorites 

was modelled in 3-dimensional fashion in a new Monte-Carlo computer 

calculation. 

nary, one-dimensional calculation--exposure in situ, with meteorites 

bringing material to the surface, cannot account for the notable 

The results confirm the indications of our prelimi- 

extent to which unexposed grains are absent. A wide range of cases 

(involving different median depths of tilling and penetration 

curves for solar and galactic cosmic rays) was investigated; all 

resulted in too high a percentage of grains with less than a 

thousandth the mean grain track density. Under random bombardment, 

admixture of fresh material from beneath continually spoils what 

might otherwise have been a distribution with no unexposed grains. 

The new calculation shows that this is true despite the enhanced 

exposure to cosmic rays which the thinness of crater ejecta blankets 

provides. (Because of covering by ejecta from other craters, 

ejecta blankets too frequently fail to receive a significant 

amount of further exposure.) 

The indications of the study are that accretion of pre-exposed 

material from space and/or from other areas of the lunar surface is 

necessitated. Receipt of pre-exposed material would also help 

explain the large total amount of cosmic-ray exposure which the 

lunar regolith exhibits. (Grains in the upper 3 meters show an 

average track density of ~1 x lo7 tracks/cm2.) The high mean 

level of exposure is yet more of a problem if the regolith had its 
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origin in the comminution of lava beds. 

to have been tilled to its full depth (more than some tens of 

meters, judging from the radar evidence, and much more on the basis 

of the seismic evidence). 

the material beneath the depths sampled is likely to have received 

The regolith would have 

In the case of such thorough working, 

exposure also, increasing the required total fluxes both of cosmic 

rays and solar wind to extraordinarily high values. At the same 

time, the problem of the low fraction of unexposed grains, and the 

well-defined layering in core samples, would be unaccounted for. 

This suggests strongly that we are dealing with accreted material 

that had suffered much of its exposure before falling onto the 

Moon, 

. We are in the process of performing further calculations 

which will make possible the inclusion of additional terms in 

the sums of the statistical compounding process. Inclusion of 

the additional terms will reduce the extent to which the 3- 

dimensional calculation underestimates the fraction of grains which 

receive negligible exposure. The new calculations will also 

provide the details of the high-exposure end of the statistical 

distributions. 

11. EXPERIMENTAL RESEARCH 

A. Auger Analysis of Lunar Samples 

In addition to the data presented in the last report, Auger 

spectra were obtained of numerous lunar dust and ground-up rock 
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samples; the albedo of all these samples was also determined. 

Figure 1 summarizes the results. It is clear from this graph 

that whereas the bulk iron concentration and the surface iron 

concentration is similar in cases of ground-up rock samples, all 

the dust samples are enriched in iron on the surface of the grains. 

Correspondingly, the dust samples are darker than the ground- 

up rock of similar bulk iron concentration. Some of the rocks 

analyzed recently, such as rock 10062 and 10057, have a remarkably 

low albedo. These rocks are not only rich in iron but also in 

titanium, both elements contributing to their dark color. In 

recent sample allocations we obtained a number of both rock and 

dust samples with relatively high titanium content; thus we 

were able to compare the bulk titanium content to the surface 

(Auger) titanium concentration in these samples. Although 

titanium is only present in a maximum concentration of a few 

atomic percent in the samples we examined and therefore our Auger 

results are less definite than for iron (the Ti peak, in some cases, 

being barely above noise level), we were able to determine that 

titanium also is enriched on the surface of dust grains. 

The average titanium enrichment is less than two fold, and thus 

less than the iron enrichment. This is not unexpected in the 

case of a solar wind caused sputtering process on the basis of 

different sputtering rates and sticking coefficients for different 

elements. Whatever is the governing factor in the sputtering pro- 

cess, the enrichmefit is expected to be generally increasing with ' 

atomic mass. Titanium is much less abundant than iron in all 
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lunar rocks investigated, and this, together with its tendency to 

be concentrated less on the surface, indicates that iron is 

likely to be much more important in influencing the optical proper- 

ties of dust than titanium, and the relationship found earlier 

between surface iron concentration and albedo presumably holds 

also fgr titanium-rich dust samples. In Figure 2 the bulk iron 

concentration, the surface iron concentration and the iron con- 

centration required to cause the observed albedo (according to 

a theoretical law) were plotted for all the dust samples we have 

examined. This law is of the form A=AOe'nu, expected for an 

absorption center density proportional to the measured iron 

concentration. The iron concentration required to cause the 

observed albedo was calculated by a least square fit of the al- 

bedo (A) and the measured surface iron concentration (n) to this 

law. As Figure 2 indicates, the measured iron concentration fits 

this law very closely for all iron-rich samples but indeed does 

not in the case of iron-poor, light soil samples,where presumably 

the albedo is dominated by other effects. 

B. Solar Wind Simulation Experiments 

Results of preliminary experiments were reported in our last 

report. These results showed that the Auger spectrum of a ground- 

up lunar rock sample, exhibiting very small iron peaks, changed 

markedly after irradiating the sample with a 2 keV energy proton 

dose corresponding to 8000 years of solar wind. The Auger spectrum 

of the proton irradiated rock powder showed approximately three 

times larger iron peaks than the irradiated material and it was 
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very similar to the spectrum of lunar dust collected at the same 

location as the rock. The albedo of the rock powder as expected 

became lower as the result of the irradiation. No increase of 

carbon concentration was observed on the surface of the irradiated 

powder;therefore the darkening as a result of contamination can 

be excluded. We have thus demonstrated that simulated solar wind 

not only darkens rock powders (as observed by Hapke earlier) but 

also changes the surface chemistry to a similar composition to 

that of the lunar soil. Proton and a particle irradiation experi- 

ments were repeated on several other ground rock samples. Auger 

analysis of these samples was performed before and after irradia- 

tion. 

shortly . 
The tabulated results of these experiments will be published 

Much effort was spent these past few months on the elucida- 

tion of the sputtering mechanism. 

a gold foil was placed above part of the ion bombarded target in 

order to collect sputtered-off material from the latter. In 

some experiments we used an alumina substrate for the same purpose. 

We found that the Auger spectrum of the sputter deposited film 

on the substrate,as compared to that of the unirradiated target 

materia1,showed enrichment in oxygen and in the light elements. 

On the other hand, the iron/oxygen ratio on the film was one-half 

(or less) of this ratio on the surface of the target material. 

These experiments were repeated with different irradiation doses 

from 2.5 to 10 coulombs/cm* of 2keV protons without changing the 

results markedly. The above observation seems to indicate that the 

sputter deposited film is enriched in elements with higher sputtering 

rates, whereas those with lower sputtering rates are enriched on 

In one series of experiments 
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the target surface. 

the determining factor in changing the chemistry of the surface. 

This observation appears to be in disagreement with that of Cassidy 

and Hapke (1). They performed similar irradiation experiments 

In this case the sputtering rate would be 

with lunar-like glass targets and molybdenum substrates and 

determined the chemical composition of the sputter deposited 

film on the substrate and of the target by electron microprobe 

analysis. Heavy elements were found to be systematically enriched 

in the film, indicating that the heavier the sputtered atom, the 

greater its tendency to stick to the first surface it strikes. 

According to this result, it is the sticking coefficient of an 

element which plays the most important role in the sputtering 

process and determines in what ratios the sputtered-off atoms 

will redeposit. 

elements by differential deposition of atoms sputtered off by the 

solar wind. 

Lunar soil grains would get enriched in heavy 

Another series of experiments was designed for the compari- 

son of the chemical composition of those grain surfaces which 

were directly exposed to proton bombardment to the composition of 

the unexposed side of the grains. This was achieved by irradiating 

powder samples with the ion beam hitting the surface at various 

angles and analyzing this surface with the Auger electron beam 

directed also at various angles to the surface. 

Experimental difficulties, however, have prevented us from 

reaching really meaningful results so far. Some modifications 

on the ion bombardment chamber were made necessary. Although 
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t h e s e  exper iments  s e e m  t o  be  somewhat d i f f i c u l t  t o  per form,  w e  

fee l  t h a t  t h e  r e s u l t s  m i g h t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  

e l u c i d a t i o n  o f  ' t h e  s p u t t e r i n g  p rocess .  

Our Auger s p e c t r o m e t e r  w i l l  become more versa t i le  i n  t h e  

n e a r  f u t u r e ,  t hanks  t o  t h e  c y l i n d r i c a l  mirror a n a l y z e r  d e l i v e r e d  

by Var ian .  W e  i n t e n d  t o  i n c o r p o r a t e  t h e  new a n a l y z e r  i n t o  t h e  

s p e c t r o m e t e r  as soon as  o u r  c u r r e n t  series of expe r imen t s  i s  

s u c c e s s f u l .  

111. THEORETICAL RESEARCH 

A.  Rego l i th  C r a t e r i n g  and Exposure 

Our r e c e n t  work on  t h i s  s u b j e c t  h a s  c e n t e r e d  around a new 

3-dimensional  c a l c u l a t i o n  of r e g o l i t h  exposure.  (Our ear l ier  

s t u d y  ( 3 )  modelled t h e  s i t u a t i o n  i n  l -d imens iona l  f a s h i o n . )  

Excavat ion  and mixing of  t h e  s o i l  acco rd ing  t o  t h e  c r a t e r i n g  

f r equency  l a w  of Shoemaker -- e t  a l .  (2) w a s  employed, as  p r e v i o u s l y .  

The r e s u l t s  conf i rm t h e  i n d i c a t i o n s  o f  t h e  p r o v i s i o n a l  study-- 

too h i g h  a f r a c t i o n  of t h e  g r a i n s  of  an  ave rage  sample e s c a p e  

ga l ac t i c  cosmic r a y s  and s o l a r  wind exposure.  (The observed  

f r a c t i o n  of  g r a i n s  showing no exposure  i s  of  t h e  o r d e r  o f  or 

less t h a n  1%-- ( 5 ) .  The conc lus ions  of t h e  s t u d y  are n o t  v e r y  

s e n s i t i v e  t o  t h e  c ra te r  p roduc t ion  l a w  assumed. T y p i c a l  r e s u l t s  

o f  t h e  s t u d y  a re  shown i n  F igu re  3 .  The severe d i f f i c u l t i e s  

remain  no matter how deep ly  or s h a l l o w l y  meteorites have t i l l e d  

t h e  so i l - - tho rough  t i l l i n g  i n e v i t a b l y  admixes unprocessed  material  

from benea th ,  and any smaller amount of m e t e o r i t i c  working o f  t h e  

s o i l  provides i n s u f f i c i e n t  chance fo r  r e s i d e n c e  w i t h i n  a n  exposure  
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d e p t h  benea th  t h e  s u r f a c e .  Admixture of p r e v i o u s l y  unprocessed  

material  from benea th  i s  unavoidable  i n  t h e  a c t u a l  case and w a s  

a r t i f i c a l l y  exc luded  i n  t he  t h e o r e t i c a l  s i m u l a t i o n  t o  less a n  

e x t e n t  t h a n  i n  t h e  c a l c u l a t i o n s  of o t h e r s  (e.g. ,  ( 4 )  1 .  A paper  

d i s c u s s i n g  t h e  s t a t i s t i c s  of deg ree  of exposure  w a s  p r e s e n t e d  a t  

t h e  Conference on t h e  I n t e r a c t i o n s  of t h e  I n t e r p l a n e t a r y  P la sma  

w i t h  t h e  Modern and Ancient  Moon (October 1 9 7 4 ) .  The i m p l i c a t i o n  

of t h e  s ta t i s t ics  i s  t h a t  pre-exposure i n  s p a c e  and/or  d u r i n g  

t r a n s i t  by s o m e  o r d e r l y  p rocess  from t h e  up lands  i s  r e q u i r e d  f o r  

t h e  b u l k  of t h e  l u n a r  s o i l .  E lec t ros ta t ic  t r a n s p o r t  of g r a i n s  

across t h e  l u n a r  s u r f a c e  (see, f o r  example, ( 6 ) , ( 7 )  ) and above- 

s u r f a c e  t r a n s p o r t  (8,9) of i n d i v i d u a l  g r a i n s  are  examples o f  l u n a r  

s u r f a c e  p r o c e s s e s  which would a s s u r e  t h a t  each  g r a i n  d e p o s i t e d  

had received a t  l ea s t  some exposure.  

Work is be ing  con t inued  on t h e  r e l a t i o n  between p r o b a b i l i t y  

of exposure  of g r a i n s  i n  l u n a r  s o i l  samples  and t h e  degree of 

e r a d i c a t i o n  of any i n i t i a l  ver t ica l  inhomogenei t ies .  The r e s u l t s  

show t h a t  a g r e a t  degree of homogenization would have been b rough t  

a b o u t  i f  t h e  r e g o l i t h  w e r e  mixed s u f f i c i e n t l y  i n  such  f a s h i o n  a s  

t o  give t h e  observed  c h a r g e d - p a r t i c l e  t rack d e n s i t y  d i s t r i b u t i o n s .  

The r e s u l t s  i n d i c a t e  t h a t  some v a r i e t y  o f  a c c r e t i o n a l  p r o c e s s  is 

n e c e s s a r y  i n  order t o  r e t a i n  t h e  d e g r e e  of d i f f e r e n c e s  observed  

among l a y e r s  i n  l u n a r  s o i l  cores. A c c r e t i o n  from space  and/or  

by o r d e r l y  t r a n s p o r t  from d i s t a n t  areas w o u l d  a l so  p r o v i d e  a n  

e x p l a n a t i o n  f o r  t h e  i n i t i a l  e x i s t e n c e  of t h e  v e r t i c a l  inhomogene i t i e s ,  

The t h e o r e t i c a l  i n v e s t i g a t i o n  is being  expanded t o  o t h e r  a s p e c t s  
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of the statistics of exposure. 

attention is the relation between the fraction of grains which were 

A major point which is receiving 

exposed one or more times at the surface and the fraction of surface- 

exposed grains which show signs of such exposure on only one side. 

Here too, there seems to be a conflict between observations and 

what one would expect from random "gardening" of the soil by 

meteorites. In order for the observed fraction of the lunar soil 

grains to have received exposure at the surface, there would be 

a certain significant probability of multiple exposure. The 

latter would limit the fraction of the grains which experienced 

exposure in only one orientation. The statistics with regard to 

this are being investigated in order to determine whether impact 

annealing of one side of grains is necessary in order to explain 

the observations. The latter would have implications concerning 

lateral diffusion and the source of the lunar material. 

B. Annealing, Melting, and Fracture of Impacting Grains 

and their Implications Concerning the History of the Lunar 

Surface Material. 

Work has been proceeding on the subject of the heating and 

shock which small solid particles would experience in coming to 

rest at the end of a ballistic trajectory. One aim is to be able 

to use damage features (fracture, spallation, surface melting) as 

diagnostics of the nature of the event causing the damage. (Deter- 

mination of the distribution of velocities of impact would be quite 

useful. It would shed light on the scope of lateral mixing on 

the Moon. Similarly, velocities in excess of the speed of escape 
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would s u g g e s t  a n  e x t r a - l u n a r  source . )  I n  a d d i t i o n ,  one would l i k e  

t o  know whether d i f f e r e n t i a l  annea l ing  could  p rov ide  a n  explana-  

t i o n  for  t h e  c h a r g e d - p a r t i c l e  track d e n s i t y  t y p i c a l l y  be ing  

s i g n i f i c a n t l y  h ighe r  on one s i d e  of l u n a r  g r a i n s  than  on t h e  

o p p o s i t e  s i d e  of t h e  g r a i n .  

dependence of h e a t i n g  t o  t r ack -annea l ing  t empera tu res  i s  a l so  be ing  

i n v e s t i g a t e d . )  

(The p o s s i b i l i t y  of a g r a i n  s i z e  

W e  examined t h e  g l a s s  beads which c o n s t i t u t e  t h e  l u n a r  

"orange so i l "  sample and found t h a t  t hey  p rov ide  ev idence  of 

t h e  c o r r e c t n e s s  of t h e  conclus ion  t h a t  smaller p a r t i c l e s  should  

e x p e r i e n c e  i n t e n s e  h e a t i n g  ( t o  t h e  m e l t i n g  p o i n t )  less f r e q u e n t l y  

t h a n  l a r g e r  p a r t i c l e s  f o r  a g iven  impact  v e l o c i t y .  Beads s e v e r a l  

hundred microns i n  diameter f r e q u e n t l y  e x h i b i t  p a t c h e s  or sides 

which are g l a z e d ,  d i s r u p t e d ,  or a b l a t e d .  The n a t u r e  of t h e  

damage t o  t h e  o t h e r w i s e  p e r f e c t  s u r f a c e  makes clear t h a t  l o c a l i z e d  

m e l t i n g  and p l a s t i c  f l o w  occur red .  (The s p h e r i c a l  beads show 

such a l a c k  of d i s t o r t i o n  from s p h e r i c i t y  as t o  r u l e  o u t  t h a t  t h e  

bead a s  *a whole was s t i l l  i n  a p l a s t i c  s t a t e  a t  t h e  t i m e  of 

impact ;  a l t hough  t h e  beads presumably o r i g i n a t e d  from a m e l t ,  

t hey  a p p a r e n t l y  cooled  t o  t h e  s t a t e  of a s t r o n g  s o l i d  b e f o r e  

impact . )  The smaller beads ( e . g . ,  of %50 micron diameter) f a i l e d  

t o  e x h i b i t  such melted pa t ches .  

We a l so  have been s tudying  t h e  dependence of t h e  occur rence  

of impact  f r a c t u r i n g ,  ch ipping ,  and h e a t i n g  upon t h e  impact 

v e l o c i t y .  I f  t h e  impact v e l o c i t y  i s  less than  t h e  speed of sound 

i n  t h e  s o l i d ,  there i s  t h e  chance of a shock wave p a s s i n g  through 

t h e  impact ing body so a s  t o  r e v e r s e  t h e  v e l o c i t y  of i t s  f a r  side.  

Accord ingly ,  a compara t ive ly  e l a s t i c  c o l l i s i o n  can occur-- the 
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g r a i n  might  rebound o r  be d e f l e c t e d ,  g i v i n g  up some of i t s  momentum 

t o  whatever it h i t ,  b u t  p o s s i b l y  n o t  expe r i enc ing  much c r u s h i n g ,  

breakage,  or conve r s ion  of k i n e t i c  i n t o  thermal  energy.  For  impact 

v e l o c i t i e s  i n  excess  of  t h e  speed of sound i n  t h e  s o l i d ,  an  

i n e l a s t i c  c o l l i s i o n  seems assu red .  W e  are i n  t h e  p r o c e s s  of s e t t i n g  

up an experiment  t o  e l u c i d a t e  t h e  e x t e n t  of t h e  damage which can 

occur  a t  impact  v e l o c i t i e s  less t h a n  t h e  s o n i c  speed.  The l u n a r  

case almost never  i n v o l v e s  co l l i s ions  a g a i n s t  a n  immovable, hard  

s u r f a c e ,  b u t  r a t h e r  a g a i n s t  a loose c o l l e c t i o n  of free, i n d i v i d u a l  

g r a i n s ,  making t h e  s i t u a t i o n  somewhat awkward t o  t r e a t  t h e o r e t i c a l l y .  

Accordingly,  w e  w i l l  i n c l u d e  t h e  l a t t e r  among t h e  cases i n v e s t i g a t e d  

expe r imen ta l ly .  

O u r  s t u d i e s  of t h e  "orange s o i l "  samples e s t a b l i s h e d  t h a t  t h e  

g l a s s  beads e x h i b i t  a n  a s t a t i s t i c a l l y  h igh  p reva lence  of a s i n g l e  

s p o t  of damage r a t h e r  t h a n  none or s e v e r a l  such s p o t s ;  a random 

d i s t r i b u t i o n  of damage w i t h  t h e  same mean v a l u e  would have ex- 

h i b i t e d  a much l a r g e r  spread .  W e  examined a t o t a l  of s e v e r a l  

hundred beads ( t h e  e n t i r e t y  of s e v e r a l  s m a l l  p o r t i o n s  of t h e  

sample ) .  The observed s ta t i s t ics  make c lear  t h a t  t h e  beads re- 

c e i v e d  damage p r i m a r i l y  by a n  o r d e r l y  p rocess .  Although t h e  

d e t a i l s  a r e  n o t  y e t  c lear ,  t h e  only  imaginable  p r o c e s s  of such a 

s o r t  e n t a i l s  i n f a l l  of each bead. We r e c e n t l y  have measured t h e  

s t a t i c  c rush ing  s t r e n g t h  of t h e  l u n a r  g l a s s  beads and have made 

t e n t a t i v e  t h e o r e t i c a l  e x t r a p o l a t i o n s  t o  t h e  k i n e t i c  case. The 

i n d i c a t i o n s  a re  t h a t  an i n f a l l  v e l o c i t y  i n  excess  of t h e  speed of 

sound i n  t h e  g l a s s  beads may b e r e q u i r e d  i n  order t o  produce t h e  
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observed damage. (The l a t t e r  would a rgue  f o r  t h e  p o s s i b i l i t y  of 

an  e x t r a - l u n a r  o r i g i n  f o r  t h e  g l a s s  beads ,  which would be ve ry  

i n t e r e s t i n g  i n  view of t h e i r  having t h e  same bulk  composi t ion as 

much of t h e  l u n a r  s u r f a c e  m a t e r i a l . )  The experiment be ing  pre-  

pared  i n v o l v e s  impe l l ing  g l a s s  beads of s i z e  and s t a t i c  c r u s h i n g  

s t r e n g t h  s i m i l a r  t o  t h a t  of t h e  l u n a r  beads a g a i n s t  v a r i o u s  

t a r g e t s  a t  v a r i o u s  v e l o c i t i e s  up t o  perhaps  t w o  k i l o m e t e r s  p e r  

second. W e  hope t h a t  it w i l l  set  reasonably  s t r i n g e n t  bounds 

on what t h e  impact v e l o c i t y  of t h e  l u n a r  g l a s s  beads must have 

been. 
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FIGURE CAPTIONS 

F i g u r e  1: Comparison of t h e  b u l k  i r o n  c o n t e n t :  t h e  s u r f a c e  i r o n  

c o n c e n t r a t i o n ,  c a l c u l a t e d  from t h e  Auger Fe  and 0 peak r a t i o s  

and normalized w i t h  r e s p e c t  t o  t h e  b u l k  i r o n  c o n c e n t r a t i o n  

of rock  sample 60017; and l i g h t  a b s o r p t i o n  i n  r o c k  and s o i l  

samples .  L i g h t  a b s o r p t i o n  is  100%-albedo. The albedo w a s  

measured as X = 55008 a t  8' i l l u m i n a t i o n  a n g l e  and w a s  

normal ized  t o  MgO. 

F i g u r e  2:  S i m i l a r  t o  t h e  s o i l  sample p l o t  of  F i g u r e  1, e x c e p t  

t h a t  t h e  l i g h t  a b s o r p t i o n  column has been replaced by a 

column r e p r e s e n t i n g  t h e  s u r f a c e  i r o n  c o n c e n t r a t i o n  r e q u i r e d  

t o  c a u s e  t h e  observed albedo, i f  t h e  a b s o r p t i o n  l a w  of F i g u r e  

3 is obeyed. The a b s o r p t i o n  c e n t e r  c o n c e n t r a t i o n  n i s  g i v e n  

by A = A o d - n u ,  where A i s  t h e  observed  albedo, Ao=0.288 and 

u = 0.113. (Albedo i s  h e r e  expres sed  as a decimal f r a c t i o n . )  

F i g u r e  3:  Model. C r a t e r i n g  e v e n t s  throw o u t  b l a n k e t s  of ejecta.  

F i g u r e  4 :  T i m e  s p e n t  w i t h i n  a cosmic-ray exposure  d e p t h  i s  

reco rded .  A large number o f  unexposed g r a i n s  i s  s e e n  t o  r e s u l t .  
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